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1. Introduction

In the last two RAN4 meetings it has been discussed to allow a multi-RAT UE to have fewer number of frequency layers when the total number of layers according to the requirements in TS 36.133 (section 8) exceed a certain number [1-2]. The objective is to reduce UE implementation complexity. However, this (threshold) number should be suitable enough from typical network deployment perspective. These issues are further addressed in this paper. 
2. Typical Multiple IF/RAT Scenarios
As discussed in our previous paper, before agreeing on the requirement for maximum total number of frequency layers, it is impotant to take into consideration the deployment scenarios in terms of typical number of frequency layers (IF/RAT) [2]. 
According to the individual IF/RAT requirements, the UE supporting all RATs defined in TS 36.133, in principle should be able to simultaneously monitor:

· 3 E-UTRA FDD carriers

· 3 E-UTRA TDD carriers

· 3 UTRA FDD carriers
· 3 UTRA TDD carriers

· 3 HRPD carriers (not yet specified but 3 is assumed here for analysis)

· 3 cdma2000 1x carriers (not yet specified but 3 is assumed here for analysis)

· 1 GSM layer corresponding to 32 GSM carriers

In practice the all layers are not deployed in a geographical region. This means UE will be requested to monitor only sub-set of layers at a time. Thus, UE should preferably be capable of supporting combination of layers corresponding to typical scenarios. Some examples of typical deployment scenarios are listed in table 1.  
Table 1: Examples of typical deployment scenarios

	Scenario No
	Typical deployment scenarios
	Maximum IF/RAT layers for monitoring
	Maximum E-UTRA Intra-frequency layers
	Total Layers

	1
	E-UTRAN FDD, UTRAN FDD and GSM
	7
	1
	8

	2
	E-UTRAN TDD, UTRAN TDD and GSM
	7
	1
	8

	3
	E-UTRAN FDD, HRPD and cdma2000 1x RTT
	9
	1
	10

	4
	E-UTRAN TDD, HRPD and cdma2000 1x RTT
	9
	1
	10

	5
	E-UTRAN FDD, E-UTRAN TDD, UTRAN FDD and GSM
	10
	2
	12

	6
	E-UTRAN FDD, E-UTRAN TDD, UTRAN TDD and GSM
	10
	2
	12


We observe from the above listed scenarios in table 1, that typically simultaneous layers including the E-UTRA serving carrier frequencies to be monitored will be limited to 12 layers. Nevertheless, UE should not be prevented from supporting more layers rather some relaxation should be allowed to reduce UE complexity as discussed in the next section. 
3. Requirements on Total Frequency Layers
We suggest when UE supports up to 12 layers, no relaxation is allowed in terms of supporting IF carriers and carriers per RAT. This means UE should fulfil the requirements in TS 36.133 for supporting simultaneous carriers per RAT e.g. 3 UTRA FDD, 3 E-UTRA FDD etc. 
However, when total number of layers exceeds 12, then UE is allowed to reduce maximum one layer per RAT such that at least 12 layers are supported. Furthermore this reduction should not be allowed for GSM layer, which is already 1 (32 carriers). Alternatively GSM capable UE should support at least 1 layer. Furthermore, it should be left for UE implementation to decide which layer is to be reduced. Otherwise requirements will have to be specified (layers per RAT) for all possible permutations which will make specification unnecessary complex. 
A text proposal for TS 36.133 is given in the annex. 

4. Summary
In this paper we have discussed the limitation on total number of frequency layers allowed by the UE to reduce its complexity. It is suggested that UE should be permitted to reduce at most 1 layer per RAT when total layers exceed certain total number (e.g. 12). In this regard operators’ feedback is required to determine a suitable threshold level. The specific layer to reduce is also proposed to be UE implementation specific. A text proposal for TS 36.133 is provided in the annex. If the proposal is acceptable then these limitations can be captured in TS 36.133 and a formal CR can be drafted.  
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6. Text Proposal for TS 36.133

8.1.2.1.1 Monitoring of multiple layers using gaps

When monitoring of multiple inter-frequency E-UTRAN FDD and inter-RAT (UTRAN, GSM) using gaps is configured, the UE shall be capable of performing one measurement of the configured measurement type (RSRP, RSRQ, UTRAN, UTRAN FDD CPICH measurements, GSM carrier RSSI, etc.) of detected cells on all the layers 

The effective total number of frequencies being monitored is

Nfreq = Nfreq, E-UTRA + Nfreq,UTRA  + Mgsm

where 

Nfreq, E-UTRA is the number of E-UTRA carriers being monitored (FDD and TDD)

Nfreq,UTRA is the number of E-UTRA carriers being monitored (FDD and TDD)

MGSM is an integer which is a function of the number of GSM carriers on which measurements are being performed. MGSM is equal to 0 if no GSM carrier is being monitored. For a TGRP of 40 ms, MGSM is equal to 1 if cells on up to 32 GSM carriers are being measured. For a TGRP of 80 ms, MGSM is equal to [ceil(Ncarriers,GSM /20)] where Ncarriers,GSM is the number of GSM carriers on which cells are being measured. [Editor’s note: If additional gap patterns with periodicities other than 40 ms or 80 ms are added, MGSM would need to be defined for them.]

Additionally, TInter1 is defined as the minimum time in milliseconds that is available for inter frequency and inter RAT measurements during the measurement period a 480ms period with an arbitrarily chosen timing. The minimum time per transmission gap is calculated by assuming 2*0.5 ms for implementation margin.

[Editor’s note: Requirements for measurements on inter-frequency E-UTRA TDD and other RATs (UTRAN TDD, cdma2000 and HRPD) when multiple layers are being monitored will need to be included into this section when the individual requirements for those RATs are defined in Section 8.1.2.]

[Editor’s note: A mandatory behaviour on how the UE utilizes monitoring gaps for the different layers will not be specified in 36.133.]
8.1.2.1.2 Maximum total carrier frequency layers
If the total number of carrier frequency layers comprising of E-UTRA FDD, E-UTRA TDD, UTRA FDD, UTRA TDD, GSM (GSM layer corresponds to 32 cells), CDMA2000 1x or HRPD, exceed [12] according to the requirements specified in sections 8.1.2.2, 8.1.2.3 and 8.1.2.4, the UE is allowed to implement reduced number of carrier frequency layers as follows:
· Only up to [1] carrier frequency layer per RAT is allowed to be reduced.

· At least 1 GSM carrier frequency layer is supported for GSM capable UE.
